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Abstract: IThe impact of prescribed fires in grasslands on soil mesofauna was studied in the field experiment. The study was 
carried out on two types of meadows: on mineral (meadow I) and organic soils (meadow II), near Warsaw (52º10’N; 20º50’E). In 
November 2007 sampling plots, 1 m² in size were chosen at random and burned. Soil samples were taken just after fire and in 
April, July and November, 2008 to the depth of 10 cm from unburned plots (control), at the edge of fire and in burned plots. The 
soil mesofauna was extracted from soil samples in the Tullgren apparatus. There were not found any effects of prescribed fires 
on mesofauna densities. However, a slight increase of mesofauna abundance was observed on burned areas 12 months after 
experimental fires on the meadow I and decrease on the meadow II. Just after fire, on burned areas, only euedaphic species of 
Collembola were present among mites communities dominated Oribatida, with thick cuticule.
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Streszczenie: Wpływ pożarów doświadczalnych na mezofaunę glebową zbiorowisk trawiastych badano w  doświadczeniu po-
lowym. Badania prowadzono na dwóch typach łąk: na glebach mineralnych i  organicznych, w  okolicach Warszawy (52º10’N; 
20º50’E).W listopadzie 2007, wybrano losowo i wypalono poletka o powierzchni 1 m². Próbki gleby poprano tuż po pożarze oraz 
w kwietniu, lipcu i listopadzie 2008 roku do głębokości 10 cm w miejscach wypalonych i niewypalonych. Mezofaunę glebową 
wypłoszono z próbek w aparacie Tullgrena. Nie stwierdzono żadnego wpływu doświadczalnych pożarów na zagęszczenia mezofau-
ny. Jednakże, 12 miesięcy po doświadczalnych pożarach obserwowano nieznaczny wzrost liczebności mezofauny na wypalonych 
poletkach na łące mineralnej i nieznaczny spadek na łące oragnicznej. Tuż po pożarze, na wypalonych poletkach, były obecne 
jedynie gatunki euedaficzne Collembola, a w zespołach roztoczy dominowały Oribatida o grubej kutikuli.
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Introduction
Fires play a  huge role in the evolution of 
ecosystems, shaping their physical and bi-
otic conditions, MacGregor (2006). They 
affect the biodiversity of ecosystems (Mor-
gan and Lunt 1999; Swengel 2001; Wolfson 
et al. 2005; Scheintaub et al. 2009).

Several studies have appeared in recent 
decades on fires and their role in shaping 
forests and grasslands, but a majority of the 
studies discuss the impact of fires on vege-
tation (Daubenmire 1968). The studies have 
shown that fires in grasslands help to remove 
accumulated litter and nutrients. They thus 
increase the productivity of those ecosys-
tems (Knapp and Seastedt 1986; Briggs and 
Knapp 1995). Hadley and Kieckhefer (1963) 
have demonstrated greater biomass and 
productivity of roots on burned prairies 
rather than on those eaten by herbivores. 
Undoubtedly, fires affect soil microclimate 
(Hulberr 1969). With the removal of litter, 
soil moisture is reduced (Knapp and Seast-
edt 1986). The temperature at the time of 
fire depends on the quantity and quality of 
burned fuel, the properties of soil, especial-
ly its humidity and permeability (Fisher and 
Binkley 2000).

Influence of fires on soil invertebrates, 
especially mesofauna, is controversial. 
High temperatures that accompany fires 
cause the death of invertebrates that in-
habit litter and topsoil. Some studies also 

show the positive effects of fires on var-
ious species of invertebrates (Seastedt 
1994; Swengel 2001). Mesofauna including 
springtails (Collembola) and mites (Acari) 
is found in a huge amount in soil (Seast-
edt 1984). Collembola and Acari indirectly 
control soil processes and functioning of 
ecosystems (Lussenhope 1981). Although 
there are a lot of studies devoted to fires of 
grasslands, little is known about their im-
pact on soil mesofauna and its ability to re-
generate after the fire (Lussenhope 1976).

Presented results are part of comprehen-
sive research on the impact of fire on the 
functioning of grasslands. 

The aim of the study is to determine the 
influence of prescribed fires on complexes 
of soil mesofauna, Collembola and Acari, 
taking into account the different types of 
meadows and soil.

1. Material and methods

The study was carried out on two types 
of perennial meadows, hay ones, of the 
Institute for Land Reclamation and Grass-
land Farming, near Warsaw (52o10’N; 
20o50’E). The meadows were situated  
on two types of soils: mineral (meadow I – 
MI) and organic (meadow II – MII). Table 
1 gives a brief description of the meadows. 
During the study period, the experimental 
plots, designated on both types of mead-
ows, were not moved. 

Characteristic Meadow I 
(MI)

Meadow II  
(MII)

Type of soil mineral,
proper pseudoglay soil,

made of clay sand on till

organic, peat--muck soil produced  
of low peat

Dominant 
plant species 
(participation  

in phyto-
cenosis)

perennial ryegrass 
Lolium perenne L. 

(51%)

tall oat-grass Arrhena-therum 
elatius (L.)
P. Beauv. ex  
J. & C. Presl

(27%)

reed canarygrass
Phalaris arundinacea L. (49.7%)

wood bulrush
Scirpus sylvaticus L. 

(31.7%)

Table 1. Characteristics of the test meadows.
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In November 2007, experimental plots 
of 1m2 were selected on tested mead-
ows where prescribed fires were carried 
out. On each plot, 50 g of grass litter was 
spread and burned and the surface tem-
perature of the soil was measured imme-
diately after the fire. Average temperatures 
were: in case of Meadow I  (MI) – 477oC, 
and Meadow II (MII) – 473oC. The materi-
al was collected immediately after the ex-
perimental fires and also in April, July and 
October of the following year. Each time 
the soil samples were taken using steel cor-
er of the diameter of 2.5 cm at a depth of 
0-10 cm, from unburnt areas (control – C), 
at the edge of the fire (E) and burned areas 
(F). Mesofauna from collected soil sam-
ples was extracted in Tullgren’s apparatus. 
Springtails were divided into three eco-
logical groups due to their presence in soil 
layers: epigeon- a  group of species found 
on a soil surface, hemiedaphone – a group 
of species found in litter and a top layer of 
soil and euedaphon – a  group of species 
found in deeper layers of soil (Christiansen 
1964).

Nonparametric tests were used to an-
alyse the material: Wilcoxon test of rank 
difference for pairs – a  comparison of 
averages and a  nonparametric analysis 
of ANOVA Kruskal-Wallis of variance to  
determine the influence of factors of an  
experiment. 

2. Results and discussion
The mesofauna densities were different 

in the experimental plots in both types of 
meadows. Immediately after prescribed 
fires, there were no significant differences 
in density between the burned plots, the 
fire edge and the unburned area - control 
in both Collembola and Acari case, regard-
less of soil type (Table 2). The time of the 
experimental burning of the litter of the 
plots of the tested meadows and the soil 
type were important factors for the forma-
tion of mesofauna density (Table 2). 

Table 2. An impact of the factors of the 
experiment on Collembola (A) and Acari 
(B) density (ANOVA Krusal-Wallis H test)  
(* the analysis includes areas: burnt area, 
fire boundary and unburnt area – control; 
** the analysis takes into account following 
periods: immediately after the experimental 
fire and the subsequent months of collecting 
samples - 6, 9 and 12 months after the fire). 
df – degrees of freedom.

A. Collembola

Factor Value H df Significance  
of differences

Type of soil 5.46 1 p=0.02
Location* 0.12 2 p=0.9

Time** 12.4 3 p=0.006

B. Acari

Factor Value H df Significance  
of differences

Type of soil 5.46 1 p=0.02
Location* 0.78 2 p=0.7

Time** 21.52 3 p=0.001

Although no significant differences were 
found in the average density of mesofauna, 
some certain regularities in their course 
can be found (Fig. 1, 2, 3 and 4). A decline 
of mesofauna number was observed on 
a meadow on organic soil) (MII) 12 months 
after the experimental fire (Fig. 2 and Fig. 
4), while on a meadow situated on mineral 
soil there was an increase of the amount 
(Fig. 1 and Fig. 3). It can also be noticed 
that the density of mesofauna was slightly 
lower on a meadow on organic soil than on 
a meadow on mineral soil. This trend was 
clearer in the case of Acari than in Collem-
bola (Fig. 1, 2, 3 and 4).



328Izabella Olejniczak, Stefan Russel, Anna Prędecka

Fig. 1. Collembola density on a plot, on a meadow situated on mineral soil (MI) immediate-
ly after the experimental fire and in the following months: April 2008 (6 months after the 
fire), July (9 months after the fire) and November (12 months after the fire). F - burned site,  
E - edge of burned site, C - unburned site, control.

Fig. 2. Collembola density on a plot, on a meadow located on organic soil (MII) immediate-
ly after an experimental fire and in the following months: April 2008 (6 months after the 
fire), July (9 months after the fire) and November (12 months after the fire). F - burned site,  
E - edge of burned site, C - unburned site, control.
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Fig. 4. Acari density on a plot, on a meadow located on organic soil (MII) immediately after 
an experimental fire, and in the following months: April 2008 (6 months after the fire), July 
(9 months after the fire) and November (12 months after the fire). F - burned site, E - edge of 
burned site, C - unburned site, control.

Fig. 3. Acari density on a plot, on a meadow located on mineral soil (MI) immediately after 
the experimental fire and in the following months: April 2008 (6 months after the fire), July 
(9 months after the fire) and November (12 months after the fire). F - burned site, E - edge of 
burned site, C - unburned site, control.
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Fig. 5. The share of ecological groups of Collembola communities on a  meadow located 
on mineral soil (MI)) immediately after the experimental fire. F - burned site, E - edge of 
burned site, C - unburned site, control.

Fig. 6. The share of ecological groups of Collembola communities on a  meadow located 
on mineral soil (MI) after 12 months after an experimental fire. F - burned site, E - edge of 
burned site, C - unburned site, control.

The number of different ecological 
groups of springtails of examined mead-
ows was different. However, regardless of 
the type of soil where the grasslands were 
located, only euedaphic species were pres-

ent immediately after the prescribed fire 
(Fig. 5 and Fig. 7). Within 12 months of the 
experimental fires, apart from euedaphic 
also hemiedaphic and epigeic species ap-
peared (Fig. 6 and Fig. 8).
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Contrary to the results of Wikars and 
Schimmel (2001), who observed a drastic 
decline in mesofauna number as a result of 
fires, there was no clear negative effect of 
fire on Acari and Collembola density in the 
presented study. Similar results were ob-

Fig. 7. The share of ecological groups of Collembola communities on a meadow located 
on organic soil (MII) immediately after the experimental fire. F - burned site, E - edge of 
burned site, C - unburned site, control.

Fig. 8. The share of ecological groups of Collembola communities on a meadow located on 
organic soil (MII) after 12 months of experience of fire. F - burned site, E - edge of burned 
site, C - unburned site, control.

tained by Pomeroy and Rwakaikara (1975) 
in their study on the effects of African sa-
vannah fires on soil invertebrates. 

This can be explained, on the one hand, 
by the physiological adaptations of the 
studied mesofauna groups and their escape 
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possibilities, on the other hand, by the na-
ture of the prescribed fires. The majority 
of mesofauna live in the top layer of soil 
and mulch (Hågvar 1983). For the majori-
ty of springtails and mites, the temperature 
causing their death has been discovered to 
be between 35-40oC (Tribaud 1977a, b). 
Vannier (1994) showed in his research that 
optimum temperatures for insect develop-
ment range from 20oC to 50oC. Additional-
ly, he stated that species living in the litter 
and the topsoil are characterised by greater 
tolerance to high temperatures than those 
found in deeper layers of soil. Fast spreading 
fires, such as those of grasslands, consume 
less fuel and therefore have an insignificant 
influence on a change of soil temperature.

An ability to survive small fires (such as 
the one present in the study) by soil meso-
fauna is also related to the ability to actively 
avoiding them. Collembolan, especially epi-
geic ones, have the ability to move quickly 
and can escape fire. This fact is confirmed 
by a  larger number of those invertebrates 
on the edge of fire that was recorded imme-
diately after the prescribed fire presented in 
the study. Euedaphic species living in deep-
er soil layers are usually not exposed to high 
temperatures. Therefore, only euedaph-
ic species have been found on the burned 
plots. Acari, they can survive fires, among 
other things, thanks to their thick cuticula. 
Pomeroy and Rwakaikara (1975) stated that 
the effects of fire may be stimulating for 
Acari, causing an increase in their numbers.

In the presented research it was stated 
that the impact of fires on soil mesofauna 
depends on a type of soil. Fires significantly 
alter soil properties. They contribute to its 
overdrying and exposure to intense sunlight 
(Hulberr 1969; Knapp and Seastedt 1986). 
Muck-peat soils are particularly sensitive to 
overdrying. Acari and especially Collembola 
are sensitive to the humidity of the environ-
ment, hence probably the reduction in den-
sity of those invertebrates recorded on burnt 
fields after a year from experimental fires.

Obtained results indicate the possibility 
of regeneration of soil mesofauna commu-
nities in a  relatively short time after the 
fire. However, further research is needed.
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